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3�"�	�����"�"��	>��	#&���	������"���	��	���

� ��$� 	 �����	 �#	 "���� ��"��	 ���	 ���	 $���

������� �	��	�&��� �	�	#&��	1�3�	��	���>�	"�
!"�& �	��?/

+���� �#3��#�'"�"&�'��4���
�	��"

�����&'�

+������ 	��"� ��"&#�"&�'� ��&'�� 	��"

�������	 -��"���	 ����	 ��$	���&#���& "��	 ���"��� �	 ��	 ���	��$&��	 1�3	 "$���"#"�$	 ���

���$	��	� �$&��	&������	$��&�����$�	��$	� �������	����	���"�����	"�	����	�&������$
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����� 	&�"��	���� ����$	��$	+��"$���$	����	��$���/

3��	1�3	#���	����	���	���"��	#� 	�&��	�	���$	#� 	�	����	��$��	"���&$�$	��	�����H

J ��"��	$��������$ "+��	��	�	�����	��	���� ��	��$	���#"�& �	$���������	��$	��

#��"�"����	�������	>"���&�	 �����"��� "��	���	����	��$���	#� H

( -��� "��"���	�#	���	���&#���& "��	� �������	&��$	��	��$��	���	� �$&��"��	�#	�

�����	�#	�� ��	� 	����������

( 
&  ���	 8� 	 �"��� "���9	 +��&��	 ����	 ��� ���� "E�	 ���	 $��� "��"���	 �#

���&#���& "��	� �����	&��$	"�	���	����	��$��

( 
&  ���	 8� 	 �"��� "���9	 �����	 �#	 �& �����$	 �� ��	 "���&$�$	 "�	 ���	 "�$���& �$
��������	$ �>"��	$��"���$	��	���	����	��$��

( 3�"�� "��	"�#� ���"��	�&��	��	 �����	#���� ��	�&"�$	B&���"�"��	��$	�"��	# ���	#� 

�	�� �"�&�� 	� �� ��

J 3��	�&�����"�	����& �	�#	���	$��"��	��� ���� "��"��	��$	�� ��	�"��	�#	�	�� �	� 

���������	����	�##���	���	#�� "���"��	� 	��������	����

J � �$&�"��	�	&�����	���"����	�#	&�"�	���&#���& "��	����	"�	�	 ����"+���	��� �

�� "�$	�#	�"��	8�"�&���	� 	����	#� 	�	�"����	$��"��	���� ��"��9

J � �$&�"��	 ���������	 ��&����	��$	��"�� ����	 ��� ��

J :��"$��"��	�#	�&��������"��	#� 	"���� ��"��	"���	�������+��	$��"��	�������"���	"�

���� $����	>"��	����	$��"�����$	� �$&��	�� &��& �	"�#� ���"��

J 
&��� �	#� 	�	>"$�	����� &�	�#	���	$��"��	�"#�	�����	&�"��	��$���	����H

( 5�����$	M��F�	# ��	�"�"�� 	� �"����N	>"��	�"����	�$$"�"���@$����"���	$& "��	���

�� ��	 ������	 �#	 �	 $��"��	 >���	 $ �>"���	 � 	 $��"��	 $���"��	 >� �	 �"����	 ���
�+�"�����

( 5�����$	 $��"��	 $���"��	 ��	 ��	 �& ��$	 ��@�$$�$	 ��	 ���	 F��>��$��	 ���&�	 ���
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$��"��	���"$"#"�$

����$	 ��	 ���	 ���+��	 ��$	 #� 	 ���	 �& �����	 �#	 ������"��	 ���	 ����"���"�"��	 �#	 ���

+� "�&�	+��$� 	�&���"�$	8
�3
9	�����	����	>� �	�+�"�����	#� 	���� ��"��	����	���"������
��+� ��	�$$"�"����	#���& ��	>� �	"$���"#"�$	��$	� �	�"+��	����>/

%/ 7�+�	#���& �	M���$>"$��N	8����������	#���& ��	� 	��� ���� "��"��9	����	"���&$�	���

� "�"���	$��"��	� �$��	����	�	$��"��	� 	����	���"��� 	�"���	"�+�F�	��	����	���

����"�"+"��	�#	���	����	�#	�	$��"��/	-��"��	#���& ��@��� ���� "��"��	"���&$�	�&�	� �

���	�"�"��$	��	���� "����	�� �	�����	��$	�� �	��� ���� "��"��	8�&��	��	#� ��

 ��"��"�"���	������"�"���	�+�"���"�"���	� �#� ��"�"���	�"E��	>�"����	���/9�	���&#���& "��

��� ���� "��"��	��$	� �������	 �B&" �$	��	�	#&���"��	�#	�� �	�����	��$	�� �

��� ���� "��"���	���/	!� 	��������	��	������	���	�&���"�&�"��	"�	�	�"���$	�� �	�#	�

�"����	$ "���$	����	#� 	�	������$	�����	���	����	��$��	�&��	"���&$�	��$	��	����	��

������	���>���	���	���&#���& "��	"����������"��	����	�����"��

#� �&���@�B&��"���	#� 	�����	�>�	#���& ���	� ��F	���	$��"��	���#"�& ��"��	�#	��"�

��$	���� 	������"���	��	����	� �	��"��	��$��	���	>�"��	$����"�����	����&�"��	�

�����	����	#� 	���	���" �	$��"��@����	��$��/

�/ � �����	����	�	�� ���	��$	�� $	����	$���"��$	����	� ��F$�>�	�#	�	$��"��	"�

�&��	�	����� 	����	���	�����	�#	#���& ��	� �	���	����	+"�"���	�&�	������"���	#� 

�����"��/	3��	� �������"��	�#	"�#� ���"��	�&��	��	$���"��$	��$	��� �� "���	#� 

���	$��� �"���"��	�#	����	M���	������N	��	����	$��"��	������"�	��$	� �$��	>"��

���& ����	#��&�	��	#���& ��	����	��+�	���	� ������	"�����	���	G&��	��	 �$&�"��

����	�&�	��	�����	#���& ��	����	�"���	"�� ����	�����	"#	���	���&#���& "��	� �����

���"�$	����	"�	���	� ��� ��	���"�� �$@���� ����$/	3��	$����	�#	$���"�	�&��

��  �����$	��	���	$�� ���	�#	���� ��	����	� �	������"����	�+�"�����	��	���	+� "�&�

1�3	����� �	��	"�#�&����	��$	$ "+�	$�>�	�����/	!� 	��������	"#	"������"��	�

�������	��������	 �B&" ��	����"��	�B&"������	����"��	���$�"���	����"��

��+" ��������	���/�	����	�����	��+�	��	��	��$���$	��	����	����	� �	�� �	�#	���

����	� ��F$�>�	��$	����	� �������"��/

</ ��	� �$"���	��$	 ���������	���& ���	#� 	1�3	����	����� 	�&��"�	8"/�/�

����������	��$	&�"�"E��"��9/	3�"�	�����	����	���	����	��$��	�&��	��	+��"$�������

� �#� ����	��	��"��	����	��	���& �����	 ���"����	���	���&��	����	�#	� �+"�&���	�&"��

� �"�����	��$	���	����	��$��	�&��	� �+"$�	�&##"�"���	+"�"�"�"��	��	���	$���"��$

��������	�#	����	����	� �	���� ���$	��	���	����	��$��	��	������	1�3	����

����� �	��	��  �����	����	$���	>"��	���	���&��	#���� �	� 	���&#���& "��

� �������	����	��+�	����	����& �$/	!� 	��������	"#	�	����	���"��� 	$���	���	���

����"��	��	��	�������	�#	���	����	��$��	��$	$���"��$	����	� ��F$�>��	����	���

��$��	>"��	&�$� ����$����	���F	� �$"�"�"��	��$	>"��	��+�	����� �$	��	��+�
����&$�$	����"��	# ��	���	�����B&�����	�#	���	$��"��	� �$�	�����/

�/ ��	 ����������	�����"����	"�	�"���	�#	���	 &���"��	��� ��� 	G&$������	��$	 &���"��

������"���	�#	���"���	����	���	��$��	�������	��	���	$��"��@����	���"��� 	��	�

�����	��	���#"�& �	���	����	��$��	#� 	���"�"E"��	���	�� $>� �	$��"��/	��

"��� ����	��	���	���&��	 &���"�� ���#"�& ��"��	�#	���	����	��$��	� �	���



���

���#"�& ��"��	�#	���	�&��� �$	�B&��"���@F��>��$��	"�	���	����	��$���	��$	���

���� 	���� ���	$��������	����	���	��	����&��$	"�	�����	�B&��"���	��	����&����

�����/	���	�#	�����	���	��	&�$� 	�	��������	�����	�#	������	��	 �#����	���	����

���& ���	� �����	�����	�#	���� ���	���$"�"���	8"/�/�	���&#���& "��	"�� �+�������

 ����	��$	#���� ��	���������	� "����	�"��$��	 ��"��"�"��	$����	���/9/	3�� �	� �	�>�

�������	��	 �������"�"��	 �B&" �$	#� 	���	$"##� ���	������	�#	���

$��"��@���&#���& "��	�"#�������H	��� ���� �	��$	������� �/

'/ � �$&��	 �+"��$	���"�����	>"��	�& �� �&�$	�"���	�#	�"�&���	#� 	�"����	�������

��	���	�� �	����	�	$��	#� 	�� �	�������	�������	����	���	"���&$�	�	 ����&�	# ��

���	��>���	��+��	��	���	�"�����	��+��	�#	��	"�$���& �$	��������/

�/ ��	�������	�#	"��� #���	>"��	����� "���	��$	������"���	$��"��	8
�-9	�����	����

���� ���@����& �	$��"��	#���& ��	�� �	"�	��"�	�� �	�#	���	$��"��	� �����	��$	����

� �	$��"��	� �$�	+� "�����	����	���$	��	��	��������	+"�"���	��	���	�+� ���	����

���"���"��	���� � "��	��	����	����	���	��	"��&��	#� 	����&���"��	"�	�	����	��$��,

"��&��	>�"��	�"���	���� >"��	��+�	��	��	���&����	���� �$	"���	�	����	��$��/	3�"�

"��� #���	���	��	�"��� 	�	 �����"��	8$" ���9	�"�F	#� 	�	�� �	"��� ���"+�	 ��"$

#��>$�>�	�#	$��"��	�������	"���	�	����	��$��	� 	�	���� �����"��	8"�$" ���9	�"�F�	"�

>�"��	����	����	��+��	�#	���&��	"��� +���"��	���	��	������� �/	1�	�"��� 	����

����	"��� #����	 �B&" �	���	$��"��	����	��	������	���	#���& ��	$�������	#� 	���� �

��	���� 	����"���"���	�&��	��	���	����	��$��"��	����/	3�"�	�&���B&�����	 �B&" ��

����	���	����	��$��"��	����	��	 �����"+�	��	"��� �"��	���	$���	#� 	����&���"��	��

���	����	��$��	�B&��"���/	��	����� ��	 �������"�"��	��$	+��"$��"���	���	#���& ��

$�������	��$	���	$��"��	����@��$��	����	���� ����	"�	�$$	���	�� �	$"����"��	��

���	����������	�#	$��������	��$	���	���#"�& ��"��	�#	��	"���� ���$	�>������

������/	�	$" ���	�"�F	"�	���"���	��$	����	$��" ����,	��>�+� �	���	"�$" ���	�"�F

>�&�$	�&##"��	#� 	���	�� ��	������	�#	�����$�����	�����"���"��/

3��	�-0	6 ���"���	.�� 	 1��� #���	 8�6.19	>��	 "�"�"����	 ������	 "�	 � $� 	 ��	� �+"$�

���	 1�3�	 >"��	 �	 &�� 	 # "��$��	 �����$	 #� 	 ��&���"��	 ����	 ����"���"��	 ��#�>� �/

.�#� �&�������	 ���	�6.1	>��	 +� �	 ����#� �	 ����"#"�	 8"/�/�	.21C	����$9�	 ���	  ��&��	 �#	 �

� �� "��� �	$�+��������	����	� �$&��$	�	 �&�����	�������	#� 	��������D�	��"�� �$	�10


�� ��	� �$&��	$�+��������/	1�	���	�� ��	������	�#	���	)0-	�����$�����	$�+���������

"�	 >��	 ��	 ����$"���	 ���"��	 #� 	 �	 6.1	 ����&��	 ���� 	 � ��"����& ��	 ��$	 $��"��	 "��&��

>� �	�� �	"��� ����	��	 ����+�/	7�>�+� �	�&���B&���	
�3
	$�+���������	"�	����	���

"�� ��	 ��$	 1��� ���	 ���������"��	 ��$	 ���	 6.1	 ���������"��	 �##� �$	 �&��	 �"��"#"����

����#"��	 #� 	 ��	 � ��"����& ��	 &�� �$�	 ����	 ���	 "�$&�� �	 
����	 ����$� $	 >��

�&���B&�����	 �$����$	 #� 	 ���	 )0-	� �� ��/	 !"�& �	 ���	 "��&�� ����	 ���	 )6.1�	>�"��	 "�

#& ��� 	$��� "��$	"�	�����$"�	�	(	-���"��$	3����"���	
���"#"���"����	&�$� 	�/'/%�	)0-

6.1	 8)6.19	 ��$	 "�	 5��"�"�	 1	 (	 )0-	 ��� ��"����	 3���	 � ���$& ��/	 82���	 ���	 ����
������	# ��	�6.1	��	)6.1	#� 	)0-	6 ���"���	.�� 	1��� #���/9



���

+��������	��"� �����&'�� 	�'9

4&� ��"&�'� ��'���#�'"�	 3��

&�"�"E��"��	 �#	 �	 ����	 ���"���"��

��$��	 � �$&���	 ���	 ���$	 ��

���#"�& ��"��	 ������	 ����

+� "���	 �#	 ���	 �� $>� �	 $��"��

"�	 ����	 >��/	 1#	 ��� �	 � �	 2

����� ��������	 8"/�/�	 "�� ��

$����$���9	 $��"���� �$�

+� "�����	"�	�	� �$��������	����

��� �	� �	����	����"���"���	�#

%�	��	&�	��	2�������"��	�� �&���"���	����	�"���	��	�����$	��	���	$��"��@����	���"��� /	��

����	��"��	 "�	�"���	����	�#	 �����	$��"���	���	��	$"��� $�$	 "�	#�+� 	�#	 �����	$��"��

��� ������	 ����	 ��+�	 ����	 �� "�	 ��$	 ����	 � �$"�"�"��	 #� 	 �	 ����"�&"��	 �+��&�"��	 �#

�$$"�"����	 � �$��	 ����	>"��	 &��"������	 ���$	 ��	 ���	 #"���	 $��"��/	 5+��	 �����	 $��"���	 ����

��+�	����	$"��� $�$	���	���$	��	��	� ��"+�$	��$	 �� "�+����	#� 	����	�� "�$	�#	�"��

&��"�	�&��	�"��	����	�	#"���	$��"��	���	&��"������	����	$���� �$/

5+���&����	$ �>"���	>�&�$	 ��	 ���� ���$	��$	 ���	����	 #�+� �$	$��"��	 ����	��$��

>�&�$	 ��	 &�$���$�	 ��$	�� ����	 �+��	 ���	 ����	��$��	 "����#	  �+"��$	 ��	  �#����	 ���	 ��>
>�����	��$	$����	�#	���	$���"��$	F��>��$��	��>	�+�"�����	���&�	���	$��"��/

1�	 ���	 #� ���"��	 &�"�"E��"��	 ����� "�	 �#	 �	 $��"���� �$��	 �"#�	 ������	 ����	 ����"��
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Unix C++ Code

VDA 1
Server
(UNIX)

ORB

ORB  =  Object Request Broker
IDL  =  Interface Definition language
  Programmed by I-Kinetics

Business
Logic

Local Data
Storage

SQL
Net

Local
Data
Storage

VDA
Clientside
Data Object

JGUI
Client

Pro/E
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	1.0	JOINT STRIKE FIGHTER (JSF) MANUFACTURING DEMONSTRATION OVERVIEW
	1.1	JMD Program Executive Summary
	
	
	
	
	
	
	Table 1-1. JMD Design/Cost Tradeoff Achievements Summary

	Figure 1-1.  Planned and Calculated Monthly Cost Savings for a€192-Element Prototype Subarray.  The cost savings analysis effort€was descoped after completing only the first 5 months of the 14˚month€study.






	1.2	Scope of This Final Report

	2.0	OVERVIEW OF THE JMD METHODOLOGY
	
	
	
	
	
	
	Figure 2-1.  JMD Methodology Overview






	2.1	Enterprise Implementation of the JMD Methodology
	
	10 Steps to an Affordable Design
	1.  Adopt a cost focus
	
	
	
	Figure 2-2.  Enterprise JMD Methodology Implementation Roadmap




	2.  Institute a disciplined product development process
	
	
	
	Figure 2-3.  IPPD Benefits Accrue to All




	3.  Establish PDP process owners and management metrics
	4.  Train IPTs in Design to Cost (DTC) and Cost as an Independent Variable (CAIV)
	
	
	
	Figure 2-4.  CAIV Encompasses DTC and Integrates Other Acquisition Methodologies




	5.  Establish procurement processes that ensure purchase of quality parts at the best possible price
	
	
	
	Figure 2-5.  The Cornerstones of Raytheon’s Worldwide Purchasing




	6.€€Implement processes and tools that allow manufacturing process costs to be fully understood and use them to improve
	
	
	
	Figure 2-6.  The PCT Is Aligned with the PDP, DTC and Six Sigma Strategies




	7.€€Perform a parametric assessment of early design space identifying requirements and key characteristics
	
	
	
	Figure 2-7.  Parametric Cost Models Are Used when Detail Information Is Unavailable




	8.€€Integrate part cost, process cost, and design data and make these detailed knowledge bases available to the IPT in near-real time
	
	
	
	Figure 2-8.  The JMD Integrated Cost/Design Environment Provides Data to the IPT in Near-Real Time




	9.€€Iterate detailed design and monitor progress towards goal
	
	
	
	Figure 2-9.  Seven Steps to an Affordable Design.  This iterative process employs seven steps that are repeated at all levels in the product hierarchy.




	10.  Review, validate, and update integrated cost and design databases regularly



	3.0	RESULTS OF THE HDMP TILE SUBARRAY DEMONSTRATION
	3.1	Introduction
	3.2	Process Development
	
	
	
	
	
	Figure 3-1.  Generic Cross-Sectional View of the Prototype Tile Array Assembly Components.  The costs of fabricating this antenna were determined by developing models for each component based on Cognition’s Cost Advantage software. (Generic drawing is no
	Figure 3-2.  Tile Array Cost Model Utilization Matrix.  This illustrates the component fabrication and antenna assembly sequence. Vendor costs were used in lieu of substrate fabrication process model cost estimates.






	3.3	Cost Advantage Software
	
	
	
	
	
	Figure 3-3.  CA Modeler Window is used to define the desired process, material, and feature aspects within the process model.
	Figure 3-4.  CA Modeler Context Window defines the formulas, values, and storage of data in the model that is used to provide cost estimates.
	Figure 3-5.  CA Cost Summary Window provides a breakdown of the process, material, and tooling costs associated with the fabrication of a component or the assembly of a unit.





	3.3.1	Process Models
	3.3.1.1€€Multi-layer Ceramic Substrate Fabrication. The design/cost trade options of the multilayer ceramic substrate fabrication process model are made by utilizing the CA process and material windows revealed when the model is opened (Figures 3-6 and 3
	
	
	
	Figure 3-6.  Multilayer Ceramic Substrate Fabrication Process Model Window.  These data values are specified by the user and are used to determine the processing costs listed in the model summary window.
	Figure 3-7.  Multilayer Ceramic Substrate Fabrication Material Model Window.  These data values are specified by the user and are used to determine the material costs listed in the model summary window.
	Figure 3-8.  Link Between the Summary Table and the CA Explain Feature.  Using this feature, the assumptions that were used to determine process, material, or tooling costs can be accessed by the user. The user selects the “?” button (the cursor becomes
	Figure 3-9.  Relationship Between Process Cost Listed in the Summary Table and How It is Defined in Editor Window.  The times for the various factors are added together and multiplied by the labor rate to establish process cost.
	Figure 3-10.  Relationship Between Process Cost Editor Window and Editor Windows Defining Those Factors Influencing Process Cost.  This illustration shows the equation defining saw cut time in one window and the fixed labor rate contained in the other.
	Figure 3-11.  Editor Window Defining Grind Time.  This factor was one of those taken into consideration when calculating Process Cost, which is defined in Figure 3-8.
	Figure 3-12.  Material Cost Editor Window.  This is the material cost shown in the summary table of Figure 3-8.  The equation used the ceramic cost defined in a subsequent editor window and layer parameters that were input to the Material window of Figur
	Figure 3-13.  Tooling Cost Editor Window.  This tooling cost is shown in the summary table of Figure 3-8. The cost factors in the equation were defined in other editor windows; the lot size was defined in the Process window of Figure€3-6.




	3.3.1.2€€Substrate Assembly.  The Substrate Assembly process model is used to price out part and assembly costs when mounting various electrical components on a substrate. The model features the assembly of passive parts, active devices (face-up or as fl
	
	
	
	Figure 3-14.  A Table Within the Multilayer Ceramic Substrate Process Model contains process model common data, which is accessed using the lookup function call in the model formulas.




	3.3.1.3€€Module Assembly.  The Module Assembly process model is used to price out the assembly of various substrate assemblies, ring frame assemblies, and housings to complete the module build. The user selects substrate assembly, ring frame, and housing
	
	
	
	Figure 3-15.  Substrate Assembly Process Model Summary Window.  The cost to assemble a substrate is itemized for both component and assembly levels.  This Tile Assembly cost is subsequently included in the Module Summary Window of Figure 3-16.  (The ? at




	3.3.1.4  Printed Wiring Board Fabrication.  The Printed Wiring Board Fabrication process model provides cost estimates for single-sided, two-sided and multilayer PWBs. Information is input into the model regarding the quantity, physical size, material ty
	
	
	
	Figure 3-16.  Module Assembly Process Model Summary Window.  Library parts and other feature part costs are shown in the bottom half of the table.  (In the parts cost section, library parts are denoted with the » symbol and new parts by the small “table”




	3.3.1.5€€PWB Assembly.  The PWB Assembly process model provides cost estimates for surface mounted assemblies of the sort typically found in a tile subarray. Model information is input regarding the type and quantity of components, assembly production qu
	
	
	
	Figure 3-17.  PWB Material Selection Window.  Different design/cost trades are possible using various material options.
	Figure 3-18.  PWB Process Selection Window.  Different process requirement selections are possible, thereby permitting various design/cost trades between several process options.




	3.3.1.6  Mechanical Assembly.  The Mechanical Assembly process model provides cost estimates for typical mechanical operations not covered in the CA Tool Design 6 “off-the-shelf” process model. Operations included are brazing, mechanical bonding, hardwar
	
	
	
	Figure 3-19.  Printed Wiring Assembly Process Model Summary Window.  This illustration shows the cost of assembling connectors, capacitors and fuses to a PWB.  Data shown is for explanatory purposes only.




	3.3.1.7€€RF Assembly.  The RF Module Assembly Process model provides cost estimates for three different subassembly packaging configurations: brick (see Section 3.1), intermediate tile, and advanced tile. In each instance, information concerning supplier
	3.3.1.8€€Machining – Tool Design 6 (TD6).  TD6 is a CA process model used to provide cost and producibility analysis for the fabrication of parts using a variety of machining methods. The model was developed by Cognition in conjunction with an American j
	
	
	
	Figure 3-20.  TD6 Modeler Window.  The selected parameters in this instance are machining-aluminum-standard hole.
	Figure 3-21.  Material Window Associated with the Modeler Window of Figure 3-20.  The X, Y and Z dimensions of the part to be machined are defined at this point.  Since aluminum was added from the top material selection list, the machinability and cost p
	Figure 3-22.  Process Window Associated with the Modeler Window of Figure 3-20.  The envelope dimensions are those from the X, Y and Z inputs to Figure 3-21; the corresponding initial stock dimensions are then automatically determined.




	3.3.1.9  Array Assembly.  The Array Assembly model was tailored for tile array assembly and developed at Raytheon so that the assembly costs incurred when putting the array together could be easily estimated. The features covered are shown in the Modeler
	
	
	
	Figure 3-23.  Array Assembly Modeler Window illustrates the selection of the radiator assembly installation.





	3.3.2	Databases
	
	
	
	
	Figure 3-24.  Tile Array Window.  This incorporates electrical test considerations along with the number of systems to be produced and test fixture costs.  The cost of test fixtures becomes a major item if more than one system per month is produced.






	3.4	Subarray Design Cost Trades
	3.4.1	Application of the System to HDMP Design Trades
	
	
	
	
	Figure 3-25.  Total Costs Associated with the Assembly of a Tile Array Configuration.  The top portion of the table lists the assembly costs, while the bottom section contains the costs of the parts making up the array.  Data shown is for explanatory pur





	3.4.2	Subarray Design/Cost Trade Results
	
	
	
	
	Figure 3-26.  Planned and Calculated Monthly Cost Savings for a 192-Element Prototype Subarray.  The cost savings analysis effort was descoped after completing only the first 5 months of the 14˚month study.
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	Figure 4-1.  Variability Between Programs Makes it Difficult to Track Charge Accounts and the Activities That May Be Associated With Them.  Each program defines charge accounts based on the program’s direction and the program manager’s experience. Note t
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	Figure 4-2.  Each Process Engineer Works on a Variety of Activities.  Within the activity there are tasks that consume time at different stages of the program and the process maturity.
	Figure 4-3.  Comparison Between Program 1 Time Charges from the Manbase System and the Activities the Engineers Claimed They Worked
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	Figure 4-4.  Program 1 Cost Comparison Between Charges Accumulated by Activity and Those from a Traditional Ledger System.  (Numbers are percentages of total module cost.)
	Figure 4-5.  ABM Data Can Be Used to Determine If a Process Is Proceeding as Expected.  For this figure, we have made some assumptions about number of hours, hourly rates, etc., which may not be valid. However, they illustrate the capability of ABM data
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	Figure 5-1.  Flowchart for the Process Characterization Methodology and Toolset
	Figure 5-2.  The Process Characterization Toolset.  As we prepared to import information into Cost Advantage, we realized the need for adding an additional “export files” step.
	Figure 5-3.  Product Features of Programs Investigated
	Figure 5-4  HEM Original Process Steps, Time Estimates, Yields, Etc., Were the Basis for the Cost Advantage Tile Assembly Model.  The spreadsheet shown here is an excerpt of HEM original estimates and was used as an actual table in the cost model.
	Figure 5-5.  PCT Methodology Adds Conditional Statements to Account for Product Variations
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	Figure 5-6.  This Table Was Used to Demonstrate How to Take Data Out of the PCT and Put It in a Form That Could Be Used by Cognition’s Cost Advantage Tool.  This table contains the same data as in Figure 5-5. However, this table (Figure 5-6) was generate





	5.3.2	Application of PCT
	
	
	
	
	Figure 5-7.  Curve of Simulated Data Extracted From Database to Show Relationship of Machine Cycle Time to Die Area.  This simulation was for a low volume of parts that would be placed manually.  Data shown is for explanatory purposes only.
	Figure 5-8.  The Die Size/Cycle Time Process Spectrum.  Data shown is for explanatory purposes only.
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	6.2.3	Requirements for Integrating Architectural Elements
	Product Structure Information.€€Product information at the Hughes Aircraft legacy portion of Raytheon is managed by Sherpa Corporation’s Product Information Management (PIM) software, which is functionally representative of commercially available product
	Component, Material, and Process Libraries.€€Component, Material and Process data as well as other data libraries are maintained within Raytheon’s CIS software. This CIS software is a commercially available product produced by Aspect and named “Explore,”
	IPT/Engineering Tools
	Communications Infrastructure for the PDM Distributed Databases.€€The UNIX servers and workstations that support the PDM tool set communicate over a 10 Mb/sec Ethernet network using the TCP/IP network protocol. Figures 6-3 and 6-4 show the PIM and CIS co
	
	
	
	Figure 6-3.  PIM Communications Infrastructure Map




	User Interface.€€The PDM Graphical User Interface (PGUI) was the pre-existing and the common access method to the PDM applications. This software provides a more user-friendly means than the standard UNIX command line method of starting the PDM applicati
	
	
	
	Figure 6-4.  CIS Communications Infrastructure Map





	6.2.4	Specific Cost Tool Requirements
	6.2.4.1€€Cost Estimating – Prototype Requirements. Three candidate cost estimating requirements were identified as critical in the migration from legacy estimating systems into an integrated womb-to-tomb cost estimating system:
	Integrated Design/Cost Estimation Requirements.€€The electrical or mechanical design model tool must be feature-based and must have a feature definition library that can be customized/tailored to reflect company/program standards that will be universal a
	Cost Rollup Tool Requirements.€€A cost rollup tool must allow the user to create a “cost snapshot” of a product (or group of products) in accordance with an indentured parts and processes breakdown. Each cost snapshot contains various subelement configur
	Cost Throughput Requirements.€€This requirement is open-ended, and its inclusion allows any external estimate to be inserted into an overall cost structure as a placeholder so that a cost rollup is not held hostage for some less critical data that may no
	6.2.4.2€€Configuration Management of Cost Data Requirements. The fundamental Configuration Management IT requirement is for a repository that stores five key items:
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	Figure 6-5.  Flow of Integrated Design and Cost Data
	6.3.2	Design/Cost Tool and Data Implementation




	Development of a Cost Link to Mentor Graphics (MG) CAD Software.€€This effort was added scope to the JMD SOW, which was jointly funded by Raytheon, Northrop Grumman Corporation, Cognition Corp. (as uncompensated labor), and the JMD Program Office through
	6.3.2.1€€Design and Estimating Tool Integration. To keep cost-estimating cycle times at a minimum so that design changes and resulting cost impacts were available almost in real time, the Pro/E-CA tool and data integration required a mix of encapsulation
	6.3.2.2€€Pro/Engineer Cost Linking
	Initial Feature Linking. Design feature types and dimensions from Pro/E were manually mapped to labels in the CA knowledge base. The mapping process used the CA Annotator utility. These characteristics were then mapped to specific processes/cost estimate
	Feature Updating. When feature dimensions or tolerances were changed, the updated information was automatically linked directly into the CA model. The linkage used the map created in the previous step via the Costlink utility that operated between Pro/E
	6.3.2.3€€MST Decision Support System for Pro/Engineer. Even while the vendor upgrades to the application software were under way concurrently in an indeterminate time frame, and without relying on any aspect of such vendor upgrades, the MST feature-label
	Feature Characteristic Description. Each design feature in Pro/E included a name and values for its characteristics; i.e., dimensions and tolerances, and these name/values were what was required by the CA cost model. Unfortunately, the names/format used
	Feature Characteristic Labeling. The DSS greatly reduced the time required for the user to label the required feature characteristics. With the Pro/E (MAP.PE) feature database as an input, the DSS prompted the user by highlighting the feature and its dim
	Mapping Design to Manufacturing Features. The DSS allowed the user to create an additional file (MAP.DSS) that identified those single Pro/E design features that may have been associated with multiple CA manufacturing features. For these ambiguous design
	Mapping Design Features to Manufacturing Processes. Each design feature in Pro/E has a “feature type” that is integral to the process of building the Pro/E model. Unfortunately, the feature types assigned by Pro/E, and subsequently mapped to the CA manuf
	6.3.2.4€€Cognition CA Performance Enhancements. Raytheon’s exploratory modeling approach used “cost coefficients” as CERs for each element of an NC milling process. These coefficients were, in general, applied to a measure of the process complexity based
	6.3.2.5€€Design/Cost Data Integration Approach.€€Because the data formats of most applications are often strongly focused on the internal requirements of that application, Raytheon had chosen to address data integration as an important and separate task
	
	
	
	Figure 6-6.  Large Scale Point-to-Point Data Integration Complexity
	Figure 6-7.  Scope of the JMD VDA Data Integration





	6.3.3	Implementation of IPT Cost Modeling
	6.3.3.1	Cost Estimation Using Cost Models. Design, cost and manufacturing engineers on the module IPT identified the need to produce usable, documented, and traceable cost estimates in some automated manner using controlled and validated cost models.
	
	
	
	Figure 6-8.  Scalability of the VDA Data Integration
	Figure 6-9.  JGUI’s Main Screen




	6.3.3.2€€Cost Modeling Con˜figuration Management. The utilization of a cost estimating model produces the need to configuration manage each variant of the hardware design in some way. If there are N non-orthogonal (i.e., intra-dependent) design-trade var
	6.3.3.3€€Cost Database Accessibility. Just as a features database was identified in the export/import link to the cost model with a CAD tool four broad classes of cost data were organized into databases to support DTC cost estimation requirements. Each c
	Manufacturing or Assembly Process Characterization.€€This data provides the cost model framework for a particular manufacturing or assembly process with the current (or historical) values that are needed to produce an estimate of the unit manufacturing c
	Parts Cost.€€The cost of each purchased part (from an outside vendor or Raytheon cost transfer) to be included in an assembly must be available. These costs may vary by lead time, quantity and other considerations. Sigma and DPU data should also be acces
	Programmatics and Business Factors.€€Program and business factors—rates, overhead factors, build quantity and build rate—that affect product cost must be available. In addition, the position on and slope of the “learning curve” may also affect the cost e

	6.3.4	Virtual Database Agent (VDA)
	6.3.4.1  VDA Overview
	Object Oriented Technology Concepts. Object technology was fundamental to the implementation of a VDA. The notion was that data and process (code) were linked into a single entity called an object. An application program did not directly access data from
	Leveraging Encapsulation. Encapsulation offered significant advantages over direct access to the data. Given a request for data, it was up to the object itself to figure out how to get and deliver that data. That delivery method actually executed some co
	
	
	
	Figure 6-10.  Object Schematic




	Providing Different Interfaces to the Same Data. Because encapsulation restricted data access to the use of methods, it was possible to group methods into coherent sets that presented the same data in different formats. This grouping of data was called a
	
	
	
	Figure 6-11.  Object with Interfaces




	6.3.4.2	Desired VDA/CORBA Functionality
	Administrative Methods and Intelligent Agents. If a VDA were simply to provide a coherent but passive interface to an application, it would not be much more powerful than a well-defined standard Application Programming Interface (API). However, the VDA c
	Events and Event Brokers. A special kind of method, called an event, is very useful in an environment where a number of VDAs or other objects exist and must work together. An event is basically a reverse method where the VDA or other object publishes an
	6.3.4.3€€Important VDA Features
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	Push/Pull Data Buffering
	6.3.4.4€€VDA Prototype Architecture. Figure 6-12 shows the prototype IT architecture, which includes two VDA modules.
	
	
	
	Figure 6-12.  Prototype IT Architecture




	VDA Module 1 – Cost and Parts Data to Estimating Tools. Figure 6-12 illustrates the multiple database connections established by VDA Module 1. VDA Module 1 operates on a “pull” model. The client-side applications request the needed data through VDA Modul
	VDA Module 2 – Estimate Result to Rollup Tool and PIM. Figure 6-12 shows a very simplistic VDA Module 2, mainly to illustrate that the VDA itself is modularly expandable to meet the specific needs and uniqueness of such legacy systems as Raytheon’s PIM (
	6.3.4.5€€Mini-VDA Demo. The following describes the VDA mini-demo completed in August 1996. The mini-demo illustrated the feasibility and use of the VDA architecture as a robust solution for the integration of applications and databases for the Design-to
	VDA Module 1. The scope of VDA Module 1 was limited to accessing the backend server databases for the data required by the pilot program (HDMP T/R module design/development) cost models and the Active Array Radar Antenna assembly, which uses the T/R modu
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	Figure 6-13.  VDA Module 1 Outputs to CA for the NC Milling Process Inputs (Data for Display Purposes Only)




	VDA Module 2. The scope of VDA Module 2 for the mini-demo was to archive the cost estimates generated for the various part numbers associated with the pilot programs, which were generated from the cost modeling exercises on the CA application on the clie
	6.3.4.6€€Planned Full VDA Demo.€€The example below illustrates a typical use of the tool and data integration as had been planned for the JMD full demonstration. The scenario is the design of a mechanical part for the tile array module. The two primary t
	
	
	
	Figure 6-14.  Cross-Application Interfaces
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	A.6.1.1€€Internal Class Structure. An internal class will be defined for each of the data sources to be accesses. In the case of PIM two classes will be established, one describing PIM as a data source for inquiries and the other describing PIM as data s
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	A.8.9.3€€Features Tested
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	A.8.9.3.17€€Log Files. The following log files exist for tracking the run-time activities of the client and server processes:
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